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Abstract: This article briefly introduces the generalized Lorenz systems family, 
which includes the classical Lorenz system and the relatively new Chen system as 
special cases, with infinitely many related but not topologically equivalent chaotic 
systems in between. 
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1. Chen System 
 
 The classical Lorenz system was coined in 1963 [1], which is described by 
                              { 
?̇? = 𝑎(𝑦 − 𝑥),     
?̇? = 𝑐𝑥 − 𝑥𝑧 − 𝑦,
?̇? = 𝑥𝑦 − 𝑏𝑧,        
                                                                         (1) 
where 𝑎, 𝑏, 𝑐 are real parameters. When 𝑎 = 10, 𝑏 =
8
3
, 𝑐 = 28, the system is chaotic, with the 
attractor as shown in Fig. 1 (a). 
      The Lorenz system has been extensively studied in, for example, chaos theory, bifurcation 
analysis, as well as chaos control and synchronization [2-4]. To this end, one might wonder if the 
Lorenz system is just a stand-alone lucky discovery, or if there are other closely-related chaotic 
systems of the same kind? This short note summarizes some recent findings and research progress 
on this concerned topic. 
      First, recall a couple of historical instances. From the so-called "anti-control" approach, known 
also as chaotification [5,6], Chen found a new system [7], referred to as the Chen system lately 
[8,9], described by  
                                { 
?̇? = 𝑎(𝑦 − 𝑥),                    
?̇? = (𝑐 − 𝑎)𝑥 − 𝑥𝑧 + 𝑐𝑦,
?̇? = 𝑥𝑦 − 𝑏𝑧,                      
                                                              (2) 
where 𝑎, 𝑏, 𝑐 are real parameters. When 𝑎 = 35, 𝑏 = 3, 𝑐 = 28, the system is chaotic, with the 
attractor as shown in Fig. 1 (b).  
       The anti-control approach here is adding to the right-hand side of the second equation of the 
Lorenz system, which governs the most vigorous dynamics, the following linear controller:  
                                              𝑢 = 𝛼𝑥 + 𝛽𝑦 + 𝛾𝑧 . 
Then, under the Shilnikov condition [10], it determines the constant coefficients 𝛼, 𝛽, 𝛾 such that 
the resultant controlled system is chaotic. It turned out that a simple choice is 𝛼 = −𝑎, 𝛽 = 𝑐 +
1, 𝛾 = 0, yielding the new system (2).  
 
    
 
Fig. 1  Phase portraits of the two systems: (a) Lorenz attractor;  (b) Chen attractor [4] 
 
      The Chen system (2) appears quite similar to the Lorenz system (1), as it is supposed to be 
since system (2) comes from system (1). Thus, due to their similar structures, they must be closely 
related and should also have similar properties.  
      As such, does the Chen system have anything new, namely is it worth further investigating? 
      To answer this question, it needs to relate and also distinguish these two systems from a 
dynamics point of view.  
      Naturally, the first concern is: are these two systems actually equivalent?  
      In dynamical systems theory, two systems are smoothly state equivalent if and only if there 
exists a diffeomorphism 𝑓(𝑥, 𝑦, z) → (𝑢, 𝑣, 𝑤) that transforms the states of one system to the other. 
If so, then except for the appearance of their formulations the two systems have no essential 
differences regarding their dynamical properties, therefore can be considered to be the same 
system. Yet, the answer to this concerned question has been confirmed: it is proved in [11] that 
the Chen system (2) and the Lorenz system (1) are not smoothly state equivalent. 
      Here, it should be noted that in performing any state transformation on an autonomous system, 
the time variable  𝑡 ∈ [0,∞) will not be tranformed, especially will not be transformed reversely: 
𝑡 → 𝜏 = −𝑡. Otherwise, many problems will become meaningless. For example, a stable system 
has a solution converging to zero as  𝑡 → +∞ will become unstable with a solution diverging to 
infinity as  𝜏 → −∞, therefore cannot be analyzed (for instance, the former has a bounded invariant 
𝜔-limit set but the latter does not, which cannot even be well defined). 
     Of course, one may bypass the autonomous systems theory to perform a state transformation 
with time reversal  𝑡 → 𝜏 = − 𝑡, to see if there is anything new? To proceed, consider a sample 
case [12]. In the Lorenz system (1), let 𝑎 = 0.4, 𝑏 = −1.4, 𝑐 = −0.4 . Then, one has a 
dimensionless system 
                                          { 
?̇? = 0.4(𝑦 − 𝑥),          
?̇? = −1.4𝑥 − 𝑥𝑧 − 𝑦,
?̇? = 𝑥𝑦 + 0.4𝑧.            
                                                         (3) 
Similarly, in the Chen system (2), letting 𝑎 = −0.4, 𝑏 = 0.4, 𝑐 = 1.0, gives 
                                          { 
?̇? = −0.4(𝑦 − 𝑥),   
?̇? = 1.4𝑥 − 𝑥𝑧 + 𝑦,
?̇? = 𝑥𝑦 − 0.4𝑧.        
                                                            (4) 
Now, in system (3) let 𝑡 → +∞, meanwhile in system (4) let 𝑡 → −∞. One will find that the orbits 
of the two systems converge to the same bounded limit set, which is a chaotic attractor, as shown 
in Fig. 2.   
 
 Fig. 2  Common limit set of system (3) as t → +∞ and system (4) as t → −∞, which is a chaotic attractor [12] 
 
        This example shows that the two systems "shake hands" at opposite infinity time limits. It 
implies that, on the one hand, the two systems are closely related, while on the other hand, they 
are very different: if one lets 𝑡 → +∞ in the Lorenz system (1) and let 𝑡 → −∞ in the same system 
or any smooth state equivalent system, the results will be totally different (one converges, the other 
divergens) and they never "shake hands" anywhere.  
        Two non-equivalent systems naturally have different dynamical behaviors, and yet the Chen 
system (2) and the Lorenz system (1) have the aforementioned relationships, so the next question 
is what kinds of different dynamical behaviors they may have, or if there is a need to study the 
Chen system given the existing knowledge of the Lorenz system. 
       At first glance, it can be clearly seen from Figs. 1 (a)-(b) that the Chen attractor is more 
complicated than the Lorenz attractor, at least visually. In fact, the former is more complex than 
the latter in terms of chaotic and bifurcative dynamics, as well as multistability, as shown by Fig. 
3 in comparing their stable manifolds [9], by Fig. 4 in comparing their forward and backward 
invariant limit sets [13], and by Fig. 5 in comparing their topological foliations [14]. 
 
     
(a) Lorenz system                                                     (b) Chen system 
Fig. 3 Stable manifolds of the two systems [9] 
 
(a) Lorenz system                                                                (b) Chen system 
Fig. 4 Forward and backward invariant sets of the two systems [13] 
(gray is forward invariant set, as t → +∞; red is backward invariant set, as t → −∞) 
 
       
(a) Lorenz system                                                                (b) Chen system 
Fig. 5 Topological foliations of the two systems [14] 
       Second, the Lorenz system is globally ultimately bounded in the sense that, starting from 
anywhere in the phase space, the system orbit will eventually fall into the following spherical 
surface and be trapped inside thereafter [15]: 
                                               𝑥2 + 𝑦2 + (𝑧 − 𝑎 − 𝑐)2 =
𝑏2(𝑎+𝑐)2
4(𝑏−1)
 , 
where 𝑎 > 0, 𝑏 > 1, 𝑐 > 0 . However, for the Chen system, no such closed-form surface 
expression has been found so far, implying a lot of complication and difficulties in theoretical 
analysis of the Chen system. The problem comes from the two sign-opposite terms in the second 
equations of the two systems, −𝑦 and +𝑐𝑦, where the latter leads to some kind of divergence 
causing many technical troubles for analysis. Nevertheless, the global ultimate boundedness of the 
Chen system can still be proved, but using different techniques based on Lyapunov functions and 
under different conditions such as 𝑎 ≥ 𝑏 + 𝑐, 𝑏 > 0, 𝑐 > 0 in [16], or in some other regions as 
reported elsewhere. 
       Furthermore, regarding the dissipativeness it is easy to verify that the divergence of the Lorenz 
system is div(L) = −(𝑎 + 𝑏 + 1), which is alway negative for 𝑎 + 𝑏 > −1 and this condition is 
independent of the parameter 𝑐. Since in the chaotic regime of the Lorenz system, 𝑎, 𝑏 > 0, the 
above condition is always satisfied. So, the chaotic Lorenz system is always dissipative. However, 
the divergence of the Chen system (2) is div(C) = −(𝑎 + 𝑏 − 𝑐), which is negative only on one 
side of the plane 𝑎 + 𝑏 = 𝑐, thus the dissipativeness of the Chen system is determined by the 
parameter 𝑐. 
      To proceed looking at bifurcations, the Lorenz system (1) has a key bifurcation parameter [2]  
                                             𝑐0 = (𝑎 + 𝑏 + 3)/(𝑎 − 𝑏 − 1) , 
while the Chen system (2) has the corresponding parameter [17] 
                                             c0 =
1
2
(√17𝑎2 − 6𝑎𝑏 + 𝑏2 − 3𝑎 + 𝑏). 
It is shown in [18] that the Hopf bifurcation surfaces of the two systems fall respectively on the 
oppose sides of the parameter region:  
                            Lorenz system: 𝑐0 > 𝑎 + 𝑏, 
                               Chen system: 𝑐0 < 𝑎 + 𝑏. 
      To move further on, consider the Lyapunov dimensions of the two systems. Lorenz system (1) 
has the Lyapunov dimension [19] 
                                               dim𝐿 𝐾 = 3 −
2(𝑎+𝑏+1)
𝑎+1+√(𝑎−1)2+4𝑎𝑐
 . 
However, the Lyapunov dimension formula for the Chen system (2) still remains open today. 
       Next, it is important to compare the independent parameters of the two systems. For the Chen 
system (2), the following state and time transformations [18] 
                               𝑢 =
𝑥
𝑏
 ,    𝑣 =
𝑦
𝑏
 ,    𝑤 =
𝑧
𝑏
 ,    𝜏 = 𝑏𝑡 ,                                                      (5) 
change the Chen system (2) to 
                                            {
?̇? = 𝛼(𝑣 − 𝑢),                    
 ?̇? = (𝛾 − 𝛼)𝑢 − 𝑢𝑤 + 𝛾𝑣
?̇? = 𝑢𝑣 − 𝑤,                      
,                                                        (6) 
where  α = 𝑎/𝑏,  γ =
𝑐
𝑏
,  thus the parameter  𝑏  disappeared. This means that, by nature, the Chen 
system has only 2 independent parameters. With one less parameter but having more complicated  
behaviors than the Lorenz system, this fact shows a certain advantage of the Chen system in the 
study of complex system dynamics. Moreover, this demonstrates some essential differences 
betwenn the two systems in terms of both topological and dynamical characteristics. 
       Finally, it is intersting to consider the physics behind the two systems. Lorenz system (1) has 
a familiar physical background, which is a simplified weather dynamkics model, where 𝑥 is a 
variable of the spatial average of hydrodynamic velocity, 𝑦 is a variable of temperature difference 
between the ascending and descending currents, 𝑧  is a variable of the temperature gradient 
proportional to the distortion of the vertical temperature profile from linearity, 𝑎 is the Prandtl 
constant, 𝑏 is a proportional constant, and 𝑐 is the Rayleigh number [1,2]. The anti-controller used 
to generate the Chen system is given, as shown above, by 
                               𝑢 = 𝛼𝑥 + 𝛽𝑦 + 𝛾𝑧 = −𝑎𝑥 + (𝑐 + 1)𝑦 + 0𝑧,  
where the first term adds some negative velocity while the second term adds some positive heat 
flux to the original Lorenz system. It can be seen that, in this anti-controller, the first term regulates 
the flow velocity while the second term changes the negative heat flux −𝑦 of the Lorenz system 
to be a positive heat flux  +𝑐𝑦. This creates a shear force changing the free flow to be a forced one, 
which eventually yields new turbulence into the Lorenz system. The joint effect of these two 
additional terms leads the flow to move rapidly along the vertical direction, as can be clearly seen 
from a comparion of the Lorenz attractor shown in Fig. 1(a) and the Chen attractor shown in Fig. 
1(b). Thus, the Chen system can be interpreted physically as a temporature-controlled Lorenz 
weather system. 
      It should be pointed out that the significance of the Chen system (2) has gone much beyond 
the discovery of this new system itself. Indeed, it has induced a new generalized Lorenz systems 
family and many Lorenz-like systems [21] such as the T-system [22], and led to some new research 
problems and methodologies [13].  
       In the following, the generalized Lorenz systems family is briefly introduced along with its 
canonical form. 
 
2. Generalized Lorenz systems family and its canonical form 
 
       First, recall a Lorenz system canonical form introduced by Celikovsky and Vanecek [23], 
which separates the linear part and nonlinear part of the Lorenz system: 
                            [
?̇?
?̇?
?̇?
] = [
𝑎11 𝑎12 0
𝑎21 𝑎22 0
0 0 𝑎33
] [
𝑥
𝑦
𝑧
] + 𝑥 [
0 0 0
0 0 −1
0 1 0
] [
𝑥
𝑦
𝑧
] .                           (7) 
It was noted that the Lorenz system (1) satisfies  𝑎12𝑎21 > 0, and it is easy to see that the Chen 
system (2) satisfies  𝑎12𝑎21 < 0. In this sense, the two systems are dual to each other.  
In 2002, Lü and Chen [24] discovered a chaotic system, called the Lü system lately, which 
satisfies  𝑎12𝑎21 = 0, representing a transition between the Lorenz system and the Chen system: 
                                   { 
?̇? = 𝑎(𝑦 − 𝑥),
?̇? = −𝑥𝑧 + 𝑐𝑦,
?̇? = 𝑥𝑦 − 𝑏𝑧.   
                                                                      (8) 
When 𝑎 = 36, 𝑏 = 3, 𝑐 = 20 , this system is chaotic with the attractor as shown in Fig. 6. 
 
Fig. 6  Lü attractor [23] 
 Consequently, Lü et al. [25] constructed a unified system, which connects the Lorenz system, 
Lü system and Chen system together: 
                                   { 
?̇? = (25𝛼 + 10)(𝑦 − 𝑥),                          
?̇? = (28 − 35𝛼)𝑥 − 𝑥𝑧 + (29𝛼 − 1)𝑦,
?̇? = 𝑥𝑦 −
1
3
(𝛼 + 8)𝑧,                                 
                                 (9) 
where  𝛼  is a real parameter. It can be numerically verified that, for any  𝛼 ∈ [0, 1], system (9) is 
chaotic. 
 This unified system by nature is a convex combination of the Lorenz system and the Chen 
system, but it represents infinitely many chaotic systems in between, as a family of chaotic systems 
in the same structure. The Lorenz system and the Chen system are two extremes: when 𝛼 = 0, it 
is the Lorenz system; when  𝛼 = 1, it is the Chen system; when  𝛼 is varied from 0 to 1, all systems 
are chaotic as can be verified numerically. 
      To this end, it can be realized that the Lorenz system is not a stand-alone instance, but is 
associated with many closely-related chaotic systems. In fact, lately Yang and Chen [26] 
constructed the following system, referred to as the Yang system [27]:  
                                           { 
?̇? = 𝑎(𝑦 − 𝑥),
?̇? = 𝑐𝑥 − 𝑥𝑧,   
?̇? = 𝑥𝑦 − 𝑏𝑧.   
                                                                 (10) 
When 𝑎 = 10, 𝑏 =
8
3
, 𝑐 = 16, this system is chaotic with the attractor as shown in Fig. 7. 
 
 
Fig. 7  Yang attractor [26] 
       
       In system (7), by looking at 𝑎11𝑎22  rather than 𝑎12𝑎21 , the Lorenz system (1) satisfies 
𝑎11𝑎22 > 0 , the Chen system (2) satisfies 𝑎11𝑎22 < 0 , while the Yang system (10) satisfies  
𝑎11𝑎22 = 0. So, in this sense, the Chen system and the Lorenz system are also dual to each other. 
      Along this line of thinking, Celikovsky and Chen [28] constructed the following generalized 
Lorenzsystems (GLS) family: 
                           ?̇? = [
𝐴 0
0 𝜆3
] 𝑥 + 𝑥1 [
0 0 0
0 0 −1
0 1 0
] 𝑥,     𝐴 = [
𝑎11 𝑎12
𝑎21 𝑎22
]                           (11) 
where 𝑥 = [𝑥1,   𝑥2, 𝑥3]
𝑇 and matrix 𝐴 has eigenvalues  λ1, λ2, λ3 ∈ 𝑅, with  λ1 > 0, λ2, λ3 < 0. 
GLS (11) is said to be non-trivial if it has at least one solution that does not tend to 0, or infinity, 
or a limit cycle.  
      Further, they extended the genralized Lorenz systems family to a generalized Lorenz canonical 
form (GLCF) [29]: 
                             ?̇? = [
𝜆1 0 0
0 𝜆2 0
0 0 𝜆3
] 𝑧 + (𝜇𝑧) [
0 0 −1
0 0 −1
1 𝜏 0
] 𝑧,                                           (12) 
where 𝑧 = [𝑧1, 𝑧2, 𝑧3]
𝑇, 𝜇 = [1, −1, 0],  λ1 > 0, 𝜆2, 𝜆3 < 0, with parameter 𝜏 ∈ 𝑅. 
      It is proved in [29] that there exists a nonsingular one-parameter linear state transformation  
𝑧 = 𝑇𝜏𝑥  converting a non-trivial GLS to GLCF, where the parameter  𝜏 > −1. When  𝜏 = −1, 
the GLCF (12) can also be defined but in a different form, leading to an equivalent Shimidzu-
Morioka system [30]:  
                                             
{
 
 
 
 
 
𝑑𝑥
𝑑𝜃
= 𝑦,                       
𝑑𝑦
𝑑𝜃
= 𝑥(1 − 𝑧) − 𝛼𝑦
𝑑𝑧
𝑑𝜃
= −𝛽𝑧 + 𝑥2,        
, 
where  𝜃 = 𝑡√−𝜆1𝜆2 ,  α = −(λ1 + λ2)/√−λ1λ2 ,  𝛽 = λ3/√−λ1λ2 . 
      Thie GLCF (12) is defined according to the algebraic structures of the systems, which includes 
all the systems discussed above as special cases. It has only one parameter, satisfying −1 < 𝜏 <
+∞, but is undefined for −∞ < 𝜏 < −1 . In GLCF, the Lorenz system satisfies 0 < 𝜏 < +∞,  the 
Lü system satisfies 𝜏 = 0, and the Chen system satisfies −1 < 𝜏 < 0. This also indicates, from 
yet another point of view, that the Lorenz system, Lü system and Chen system are not smooth state 
equivalent to each other.  
       Moreover, it can be shown that, under the condition of −λ2 > λ1 > −λ3 > 0, the GLCF is 
chaotic in the sense of Shilnikov [31]. 
      The GLCF (12) can be used to classify a large number of chaotic systems that are closely 
related to the classical Lorenz system, as summarized in Table I. Detailed dynamical analysis of 
the GLCF can be found in [4]. 
 
Table I: GLCF-equvalent systems and their classification 
GLCF Equivalent systems and representative examples 
𝜏 = −1 Shimidzu-Morioka system 
𝜏 ∈ (−1, 0)  Generalized Lorenz system GLS, with 𝑎12𝑎21 < 0; Chen system 
𝜏 = 0  Generalzied Lorenz system GLS with 𝑎12𝑎21 = 0; Lü system 
𝜏 ∈ (0,∞) Generalzied Lorenz system GLS with 𝑎12𝑎21 > 0; Lorenz system 
 
        As noted, for 𝜏 < −1, the GLCF (12) is not defined. In order to include all parameter values 
of 𝜏 ∈ (−∞,+∞),  Yang et al. [32] introduced the conjugate Lorenz-type systems (CLTS): 
                          ?̇? = [
𝐴 0
0 𝜆3
] 𝑥 + 𝑥1 [
0 0 0
0 0 1
0 1 0
] 𝑥,     𝐴 = [
𝑎11 𝑎12
𝑎21 𝑎22
],                       (13) 
where 𝑥 = [𝑥1, 𝑥2, 𝑥3]
𝑇, matrix 𝐴 has eigenvalues λ1,  λ2, λ3 ∈ 𝑅, with λ1 > 0, λ2 , λ3 < 0. It is 
clear that system (13) differs from system (12) in the (plus or minus) sign of a number 1 in the 
second matrix, which induces some kind of conjugacy to the two systems. CLTS (13) is said to be 
non-trivial if it has at least one solution that does not tend to 0, or infinity, or a limit cycle. 
       It is proved in [32] that there exists a nonsingular one-parameter linear state transformation 
𝑧 = 𝑇𝜏𝑥  conveting (12) to the following smoothly state equivalent canonical form: 
                         ?̇? = [
𝜆1 0 0
0 𝜆2 0
0 0 𝜆3
] 𝑧 + 𝜇 𝑧 [
0 0 sign(𝜏)
0 0 sign(𝜏)
−𝑎12
2 ∆ − 𝜉 𝜉 0
]                        (14) 
where z= [z1,   𝑧2, 𝑧3]
𝑇，𝜇 = [1, −1, 0] , 𝜉 = 𝑎12
2 √∆ (𝑎22 − 𝜆1)， ∆ = [tr(A)]2 − 4 det (A) , 
𝐴 = [
𝑎11 𝑎12
𝑎21 𝑎22
]. Of particular significance is that this canonical form is well defined for all 
parameter values of 𝜏 ∈ (−∞,+∞). 
       System (14) is called the complete Lorenz canonical form (CLCF). It can be used to classify 
a large number of chaotic systems that are closely related to the classical Lorenz system, as 
summarized in Table II [32], where the case of 𝜏 = 0 is trivial therefore not listed. 
 
Table II: CLCF-equivalent systems and their classification 
𝜏 𝜉 Equivalent systems Representative examples 
 
 
 
𝜏 < 0 
𝜉 ∈ (−∞,−𝑎12
2 ∆)  
 
 
GLS 
 
𝜉 = −𝑎12
2 ∆   
𝜉 ∈ (−𝑎12
2 ∆, 0) Lorenz system 
𝜉 = 0 Lü system 
𝜉 ∈ (0,+∞) Chen system 
 
 
 
𝜏 > 0 
𝜉 ∈ (−∞,−𝑎12
2 ∆)  
 
 
CLTS 
Conjugate Chen system 
𝜉 = −𝑎12
2 ∆ Conjugate Lü system 
𝜉 ∈ (−𝑎12
2 ∆, 0) Conjugate Lorenz system 
𝜉 = 0  
𝜉 ∈ (0,+∞)  
 
References 
[1]  Lorenz, E. N., “Deterministic nonperiodic flow,” J. Atmos. Sci., 20, 130-141, 1963. 
[2] Sparrow, C., The Lorenz Equations: Bifurcation, Chaos, and Strange Attractor, Springer-
Verlag, New York, 1982. 
[3] Chen, G., X. Dong, From Chaos to Order: Methodologies, Perspectives and Applications, 
World Scientific Pub. Co., Singapore, 1998; 2nd print, 2014,  
[4] Chen, G., J. H. Lü, Loenz Systems Family: Dynamics Analysis, Control and Synchronization 
(in Chinese), Science Press, Beijing, 2003. 
[5] Chen, G., X. F. Wang, Chaotification of Dynamical Systems (in Chinese), Shanghai Jiao Tong 
University Press, Shanghai, 2006.  
[6] Yu, S. M., J. H. Lü, G. Chen, Anti-control of Dynamical Systems: Methods and Applications, 
Science Press, Beijing, 2013. 
[7] Chen, G., T. Ueta, “Yet another chaotic attractor,” Int. J. Bifur. Chaos, 9, 1465-1466, 1999. 
[8] Wang, X. F., “Chen's attractor: A new chaotic attractor” (in Chinese), Control Theory and Applications，
16, 719, 1999. 
[9] Ueta, T., G. Chen, “Bifurcation analysis of Chen's equation,” Int. J. Bifur. Chaos, 10, 1917-
1931, 2000. 
[10] Shilnikov, L. P., “A contribution to the problem of the structure of an extended neighbourhood 
of a rough equilibrium state of saddle-focus type,” Math. USSR Sbornik, 10, 91-102, 1970.  
[11] Hou, Z., N. Kang, X. Kong, G. Chen, G. Yan, “On the nonequivalence of Lorenz system and 
Chen system,” Int. J. Bifur. Chaos, 20, 557-560, 2010. 
[12] Sprott, J. C., X. Wang, G. Chen, “When two dual chaotic systems shake hands?” Int. J. Bifur. 
Chaos, 24, 1450086, 2014. 
[13] Leonov, G. A., N. V. Kuznetsov, “On differences and similarities in the analysis of Lorenz, 
Chen, and Lü systems,” Appl. Math. Comput., 256, 334-343, 2015. 
[14] Rosalie, M. “Templates of two foliated attractors − Lorenz and Chen systems,” Int. J. Bifur. 
Chaos, 26, 1650037, 2016. 
[15] Leonov, G. A., A. Bunin, N. Koksch, “Attractor localization of the Lorenz system,” Z. Angew. 
Math. Mech., 67, 649-656, 1987. 
[16] Barboza, R., G. Chen, “On the global boundedness of the Chen system,” Int. J. Bifur. Chaos, 
21, 3373-3385, 2011. 
[17] Lü, J. H., T. S. Zhou, G. Chen, S. C. Zhang, “Local bifurcations of the Chen system,” Int. J. 
Bifur. Chaos, 12, 2257-2270, 2002. 
[18] Barboza, R., “On Lorenz and Chen systems,” Int. J. Bifur. Chaos, 28, 1850018, 2018. 
[19] Leonov, G. A., “Lyapunov functions in the attractors dimension theory,” J. Appl. Math. Mech., 
76, 129-141, 2012. 
[20] Sooraksa, P., G. Chen, “Chen system as a controlled weather model − Physical principle, 
engineering design and real applications,” Int. J. Bifur. Chaos, 28, 1830009, 2018. 
[21] Wang, X., G. Chen, “A gallery of Lorenz-like and Chen-like attractors,” Int. J. Bifur Chaos, 
23, 1330011, 2013. 
[22] Tigana, G., D. Opriş, “Analysis of a 3D chaotic system,” Chaos, Solitons, Fractals, 36, 1315-
1319, 2008. 
[23] Celikovsky, S., A. Vanecek, “Bilinear systems and chaos,” Kybernetika, 30, 403-424, 1994. 
[24] Lü, J. H., G. Chen, “A new chaotic attractor coined,” Int. J. Bifur Chaos, 12, 659-661, 2002. 
[25] Lü, J. H., G. Chen, D. Cheng, S. Celikovsky, “Bridge the gap between the Lorenz system and 
the Chen system,” Int. J. Bifur. Chaos, 12, 2917-2926, 2002. 
[26] Yang, Q. G., G. Chen, “A chaotic system with one saddle and two stable node-foci,” Int. J. 
Bifur. Chaos, 18, 1393-1414, 2008. 
[27] Liao, X. X., Lorenz Chaotic Systems Family: New Research on Some Mathematical Problems 
(in Chinese)，Huazhong University of Science and Technology Press, Wuhan, 2017. 
[28] Celikovsky, S., G. Chen, “On a generalized Lorenz canonical form of chaotic systems,” Int. 
J. Bifur. Chaos, 12, 1789-1812, 2002. 
[29] Celikovsky, S., G. Chen, “On the generalized Lorenz canonical form,” Chaos, Solitons 
Fractals, 2004. 
[30] Shimizu, T., N. Morioka, “On the bifurcation of a symmetric limit cycle to an asymmetric 
one in a simple model,” Phys. Lett. A76, 201-204, 1976. 
[31] Zhou, T. S., G. Chen, S. Celikovsky, “Si'lnikov chaos in the generalized Lorenz canonical 
form of dynamics systems,” Nonlin. Dynam., 39, 319-334, 2005. 
[32] Yang, Q. G., G. Chen, T. S. Zhou, “A unified Lorenz-type system and its canonical form,” 
Int. J. Bifur. Chaos, 16, 2855-2871, 2006. 
